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25.1 Introduction 
In the past there have been many research aircraft projects to investigate the 
various aspects of tropospheric chemistry in air over western Europe and air 
arriving from the west. EXPORT was aimed at looking at the export of ozone 
and its precursors to the east. It involved three aircraft (UKMO C-130, DLR 
Falcon and CNRS Mystère) based in southern Germany in the summer of 2000, 
all supported by national funds. Flights were mostly made over an area stretching 
from Germany and Switzerland in the west to Poland, Slovakia and Hungary to 
the east. 
25.2 Experimental campaigns 
Analysis of five-day backward and forward ECMWF trajectories suggest that the 
air sampled in the upper troposphere (UT) typically had originated over eastern 
North America and the North Atlantic and showed a tendency to curve anti-
cyclonically over Europe and descend towards North Africa. Trajectories for air 
sampled in the boundary layer (BL) had often been confined to the European BL 
for the previous 2-3 days and the following 5 days, sometimes re-circulating in 
anti-cyclonic flow. However air was also sampled that was lifted up from the 
European BL and exported towards Asia in the middle and UT. 
These different types of air masses and varying rates of exchange between the 
BL and free troposphere (FT) are illustrated well by the measurements of tracers. 
In particular elevated concentrations of the short-lived non-methane 
hydrocarbons (NMHCs) were often found to be confined within a stable BL. 
However on 2 August 2000 a cold front passed over Germany and air sampled in 
and around the warm conveyor belt (WCB) showed enhanced concentrations of 
pollutants (e.g., NMHCs, reactive odd nitrogen species (NOy) and carbon 
monoxide (CO)). Reverse domain filling analysis of ECMWF trajectories 
identified the WCB, but estimated the time of uplift from near the surface to the 
point of sampling to be on the order of two days. However, ratios between the 
concentrations of NMHCs with different lifetimes suggested that the uplift had 
occurred over a much shorter time scale (about two hours), suggesting 
convection was responsible for much of this uplift. In fact higher concentrations 
of CO were observed inside, and in the outflow of, cumulus clouds than in the 
WCB. Furthermore, elevated concentrations of CO were also found in the UT 
above the WCB. Trajectory analysis suggests this to be polluted BL that had 
been lifted up over North America five days earlier in another WCB and 
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transported rapidly in the UT to reach Europe at the same time that the European 
WCB, and associated convection, was uplifting polluted BL air. 
Several different 3-D chemical transport models (CTMs) have been used as 
diagnostic tools to investigate the different observed situations described above. 
TOMCAT, a Eulerian model, and CiTTyCAT, a Lagrangian model using 
ECMWF trajectories, were both able to reproduce many of the features in the 
observed chemical concentrations for the stable conditions. TOMCAT was able 
to reproduce the major chemical features observed on 2 August, since it includes 
a parameterisation of convection, which if anything was too active. CiTTyCAT 
was unable to capture the pollution lifted up by convection, but did a very good 
job of reproducing some of the small-scale features associated with advective 
uplift. Trajectories have been calculated in MESO-NH, a mesoscale model with a 
higher resolution than the ECMWF model, such that more of the convective 
activity is resolved. Preliminary results again suggest the convection to be an 
important factor in the exchange of BL air with the FT. 
25.3 Results 
In situ net photochemical ozone (O3) production rates calculated using a box 
model constrained by observed chemical concentrations and photolysis rates 
suggest that the majority of the production over Europe is confined to the 
boundary layer (Figure 25.1). The mid troposphere (MT) was found to be mostly 
in a state of slow net loss, although moderated by recently uplifted polluted 
boundary layer air in which net O3 production was calculated to be occurring. 
Slow net O3 production was calculated for the UT. Net O3 production rates 
calculated by the TOMCAT model agreed very well with those from the 
constrained box model, although they tended to give more production in the MT, 
possibly due enhanced convective lifting of precursors species into the MT. 
Although much of the in situ O3 production appears to be confined to the BL, 
observed concentrations of NOy and its components (nitrogen oxides (NOx), 
peroxy acetylnitrate (PAN) and nitric acid (HNO3)), and formaldehyde (HCHO) 
suggest that the chemistry that produces O3 has been active in much of the MT 
and UT air. NOz (NOy-NOx) was found to correlate well with HCHO, suggesting 
much of the NOz to be produced in the troposphere by photochemistry. 
Consistent with this, PAN was often observed to make up about 40-50% of the 
NOz. 
Using a lidar flown on the Mystère a filament of elevated O3 in UT was 
identified and the C-130 aircraft was successfully directed to make in situ 
chemical measurements within this filament. MESO-NH model calculations were 
also able to simulate this filament, and early results suggest that it may have 
originated from the stratosphere, although there is some suggestion that this layer 
may be embedded in a much larger polluted layer coming from North America. 
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Figure 25.1. In situ net photochemical ozone production rates calculated for 500 m altitude bins using a 
box model constrained by observations from the 5 C-130 flights. 
 
Thermodynamic coordinates of equivalent potential temperature and the log of 
specific humidity are being investigated as a method of identifying air masses 
with differing observed chemical characteristics and of extrapolating the limited 
observations to a larger domain over Europe. Plotting O3 production rates 
calculated using the constrained box model in these coordinates, illustrates how 
the photochemical tendencies vary with the differing thermodynamic properties 
of the air masses sampled (e.g., BL air, uplifted BL air, unperturbed MT air and 
UT air). 
CiTTyCAT was used to calculate the O3 change in air parcels along five-day 
forward trajectories following sampling by the C-130 aircraft. Although the  
in situ production rates were calculated to be high in the polluted BL air at the 
time of sampling, net loss was often calculated over the following five days. This 
seemed to be associated with trajectories that remained within the boundary layer 
and hence the NOx was calculated to be rapidly lost. Conversely polluted air 
parcels uplifted in the WCB and which remained in the UT for the next five days 
continued to produce O3. Interestingly in one case, North American polluted air 
observed in the UT was calculated to produce O3 partly in response to NOx being 
release from PAN as the air warmed as it descended towards North Africa. 
Halocarbons were also found to be excellent tracers of air during EXPORT. 
Ratios between perchloroethylene and trichloroethylene have been used as useful 
markers of the age of the air, whilst air masses with different origins as indicated 
by the trajectories have been shown to have different mixes of halocarbon 
species. Furthermore model simulations with the TM5 model under-predicted the 
concentrations of methyl chloroform, which possibly suggests higher emissions 
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of this compound from Europe then previously estimated. This has implications 
for calculations of OH concentration that use these emissions estimates. 
25.4 Conclusions 
The lessons learned are: 
 Considerable import of pollution from North America (in the UT).Much 
European pollution restricted to the European BL. Export to Africa (some 
descent) and to Asia (mostly in the mid and UT). 
 Convection within frontal systems is an important mechanism for BL-FT 
exchange of O3 precursors. 
 In situ O3 production mostly confined to the BL, except in rapid uplift 
regions. Production also in the UT often related to long-range transport. 
 Predictions suggest that O3 loss will dominate downwind of Europe, 
especially in the BL, although some production in the MT and UT. 
 Evaluation of halocarbon emissions inventories. 
 Forecast models very good for flight planning. Models generally performed 
very well, although some problems associated with simulating convective 
uplift. Longer back trajectories required.  
 Successful scientific multi-aircraft experiment. Better understanding of 
instrument performance. Coordination perhaps improved by joint funding as 
opposed to national funding. 
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